Docket No.: 0100.2016-000 

Helium Management Control System4^ 
Paul E. Dresens et al. 



He 

In^Blors: 



Y 



Q 

m 
a 
m 

m 



Ni 
n f 

n 



203 




205 



i 

p I st Stage 



, . p-tom , % 2nd Stage 

Load ^ ^mmM 



5> 



Docket No.: 0100.2016-000 

Kitle: Helium Management Control S 
iventors: Paul E. Dresens et al. 



i be 



... Un 



1 EZZ 





Docket No. : 0 1 00.20 1 6-000 
jtle: Helium Management Control Sy| 
ventors: Paul E. Dresens et al 



Helium Consumption Model 



Maximum Mass 



Minimum Mass 



Docket No.: 0100.2016-000 

l'. Helium Management Control Systcj^^ 
tors: Paul E. Dresens et aL 



1 



- Helium Available 



Compressor 
Bank 



16 



Controller 



"12^7" 



Al IOZ#FH, Helium 



Cryopumps 



- Min Helium 
tf jrf/o/n~ Consumption 

-Status 

-tio<t\ 




100 



104 




102 



Perform Helium 
Management Control 



,106 



&9- 6 



Docket No.: 0100.2016-000 

Helium Management Control Systei^^k 
tors: Paul E. Dresens et al. 



J 



3 



£ 



r 



to 8 



Helium Available DPf/j^f-y - frfy"'") 



t $ 



UNDERPRESSURE CHECK 
& CORRECTION routine 



Helium Available Corrected 
based on OP feedback 



wo 



Helium Available 
Corrected 



p> isrsibufttip ROUTINE 

Distribution per Demand 
or Distribution per Hierarchy 



ALLOCATION 



Psupply, Pretum 



Allocation, Psupply, Preturn / / £ 



CRYOPUMP 




\6c 



t 1 



CRYOPUMP 




't'B 



Helium Available 
Psupply 
Preturn 



COMPRESSOR(S) 



F/J.7 



Docket No.: 0100.2016-000 

Helium Management Control Systeij^^ 
Motors: Paul E. Dresens et al 




Docket No.: 0100.2016-000 



^kTitle: Helium Management Control SArn 
^Rnventors: Paul E. Dresens et al 




IN 



Get pump info: (STATUS=LIMIT,OK,NONE, HeMin etc.) 
Get compressor info 
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For each pump in Temp Control: 
HeAIIoc=HeCon*Delta He Factor 
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HeliumAvailforCooldown = HeAvailCorrect - £ HeCon pumps in TempControl 
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Calculate HeAlloc values for pumps in cooldown 
HeAlloc=HeliumAvailforCooldown *HeMin /( X HeMin of Refrigerators in Cooldown) 
if( HeAlloc < HeMin) then HeAlloc = HeMin 
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Calculate Helium Consumption: HeCon 
Calculate Allocated Speed: AIlocRPM 

Determine Pump Status: OK, LIMIT 

Determine Pump Mode: Cooldown, Temp Control, None 
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Set maximum motor speed 
AIlocRPM or 100 rpm or MaxRPM whichever is less 
or 

Mi n RPM 
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Calculate: 

Helium Consumption (scfm) 
Helium Margin (scfm) (HeMax-HeCcn) 
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Helium Status {OK. NEAR, LIMIT) 
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HeMax at current operating 
conditions or MexRPM, 
whichever is less, or MlnRPM 
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